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ELECTRO MECHANICAL DEVICE AND 
MANUFACTURING METHOD THEREOF, 
AND RESONATOR AND MANUFACTURING 

METHOD THEREOF 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

The present invention contains subject manner related to 
Japanese Patent Application JP 2006-109097 ?led in the 
Japanese Patent Of?ce onApr. l l, 2006, the entire contents of 
Which being incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an electro mechanical 

device and a manufacturing method thereof, and to a resona 
tor and a manufacturing method thereof. 

2. Description of the Related Art 
In recent years, along With the progress of miniaturiZing 

manufacture technique on a substrate, an electro mechanical 
device, a so-called micro-machine (ultra-small electrical/me 
chanical composite device: Micro Electro Mechanical Sys 
tems, hereinafter, referred to as MEMS) and a small device 
assembled With the MEMS device thereof have received a 
remarkable attention. The MEMS device is a device Wherein 
a vibrator Which is a movable structure body, a semiconductor 
integrated circuit controlling the drive of the vibrator and the 
like are coupled electrically/mechanically. Then, the vibrator 
is assembled into a portion of the device and it is constituted 
such that the drive of the vibrator is to be carried out electri 
cally by applying Coulomb attraction or the like betWeen the 
electrodes. 
Among such MEMS devices, in particular, a device formed 

by using a semiconductor process has features in Which a 
small area is occupied by the device, a high Q value (quantity 
indicating resonance acuteness of vibration system) can be 
realiZed, it can be integrated (uni?ed) With another semicon 
ductor device and the like, so that utiliZation as a high fre 
quency ?lter for Wireless communication Was proposed (for 
example, see Patent Document 1). 

Incidentally, in a case Wherein the MEMS device is inte 
grated With another semiconductor device, there Was pro 
posed a Way in Which the vibrator portion in the MEMS 
device is cap sule- sealed and thereby arrangement of Wiring or 
the like is made to be possible in further upper layer (for 
example, see Page 7 and Page 10 of Japanese Unexamined 
Patent Publication No. 2002-94328 of Patent Document 1). 
HoWever, When capsule-sealing the vibrator, it is necessary to 
keep a space at the periphery of the variable portion of the 
vibrator and to make a state in Which the vibrator is to be 
movable. The space keeping at the periphery of this variable 
portion is usually carried out by so-called sacri?ce layer 
etching (see C. T.-C. Nguyen, “Micromechanical compo 
nents for miniaturized loW-poWer communications (invited 
plenary)”, proceedings, 1999 IEEE MTT-S International 
MicroWave Symposium RFMEMS Workshop, Jun. 18, 1999, 
pp. 48-77 of Non-patent Document 2). 

The sacri?ce layer etching means an etching in Which a thin 
?lm is formed at the periphery of the variable portion of the 
vibrator beforehand and thereafter, this thin ?lm is removed 
by etching and a space (gap) is formed at the periphery of 
aforesaid variable portion. Also, the thin ?lm formed at the 
periphery of the variable portion in order to carry out the 
etching of the sacri?ce layer is called a “sacri?ce layer”. 
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2 
The research and development of the MEMS device has 

been developed in various kinds of ?elds such as various 
kinds of sensors, actuators, optical devices, other MEMS 
devices and the like other than the high frequency ?lter. 

SUMMARY OF THE INVENTION 

HoWever, the integration of the MEMS device and another 
semiconductor device faces a number of problems. Generally, 
the aforesaid integration is carried out in a ?nal process of a 
manufacturing process (for example, CMOS process) With 
respect to the other semiconductor device in a form in Which 
the manufacturing process of the MEMS device (inparticular, 
the vibrator thereof) is to be added. Consequently, in the 
manufacturing process of the MEMS device, the process 
cannot be carried out at the high temperature in order to avoid 
a bad in?uence to the semiconductor device Which Was 
already formed. In other Words, it is necessary to form the 
vibrator at the loW temperature and there is a fear that the 
process thereof is to become uneasy. 
On the other hand, in case of capsule-sealing a portion of 

the vibrator in the MEMS device, it becomes possible to 
employ an arrangement of a Wiring layer or the like on a 
further upper layer caused thereby, so that it is possible to 
avoid a bad in?uence of the high temperature process thereof 
from extending to the Wiring layer or the like even if the 
vibrator is formed at the high temperature. HoWever, in that 
case, the space at the periphery of the variable portion of the 
vibrator, Which Was formed by a sacri?ce layer etching is 
vacuum-sealed, so that a special packaging technology by an 
insulating material or the like becomes necessary (for 
example, see Patent Document 1). That is to say, a packaging 
process for the vacuum seal becomes necessary, so that it is 
dif?cult to perform it in a process of an existing semiconduc 
tor process (for example, CMOS process). It is contemplated 
as a result that manufacturing e?iciency loWering of the 
device including the MEMS device Will be incurred. 

There is shoWn in FIG. 11 a comparative example of a 
capsule-sealed electro mechanical device. FIG. 11 is an 
example applied to a resonator to be utiliZed as a high fre 
quency ?lter for Wireless communication. This resonator 1 is 
constituted, for example, by including an output electrode 7 
Which becomes a loWer electrode 7 and a strip-shaped beam 9 
Which faces to this output electrode 7 through a space 8 and 
becomes a vibrator on a substrate 6 constituted by forming an 
insulation ?lm 5 composed of a laminated ?lm of a silicon 
oxide ?lm 3 and a silicon nitride ?lm 4 on the surface of the 
silicon substrate 2. The beam 9 is formed by a conductive 
material and becomes an electrode on the input side. The 
beam 9 is supported by loWer portion Wirings 11A, 11B 
formed on the substrate 6 through support portions 12A, 12B 
and is formed by a center impeller beam structure. There is 
formed on the outside of the loWer portion Wirings 11A, 11B 
With an insulation ?lm, for example, a silicon oxide ?lm 13 
and an external Wiring layer 15 by a sputtering ?lm is formed 
through an opening portion 14 thereof. 
On the other hand, a resonator main body 16 composed of 

the output electrode 7 and the beam 9 keeps a space 17 as a 
Whole, is coated by an overcoat ?lm 18 formed, for example, 
by a silicon nitride ?lm and is sealed airtightly. This overcoat 
?lm 18 is ?lm-made over the entire thereof in a state in Which 
sacri?ce layers are formed in the spaces 8 and 17 for the 
manufacturing reason. A through-hole 19 is formed after 
?lm-making the overcoat ?lm 18 and the sacri?ce layers are 
etching-removed selectively through the through-hole 19 and 
the spaces 8 and 17 are formed. The through-hole 19 is sealed 
by a sealing ?lm 20 formed by a sputtering ?lm. 
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In this resonator 1, When the beam Which becomes a vibra 
tor is applied With a DC bias voltage and also is applied With 
a speci?c frequency voltage, the beam 9 vibrates by an inher 
ent vibration frequency and capacitance of a capacitor con 
stituted by the space 8 betWeen the output electrode 7 and the 
beam 9 changes so as to output a speci?c frequency signal 
from the output electrode 7. 
On the other hand, in the capsule-sealed resonator 1 shoWn 

in FIG. 11, the overcoat ?lm 18 is to contact With the upper 
portion of the beam 9 Which becomes a vibrator on an occa 
sion When the stiffness of the overcoat ?lm 18 Whichbecomes 
a roof for capsule-sealing is Weak and it is contemplated that 
the resonance frequency Will change or if the Worst happens, 
the resonance might never occur. 

It is contemplated, With respect to the problem of the over 
coat ?lm 18 relating to this capsule seal, that a defect such as 
a defective operation Will occur also in a MEMS device other 
than the aforementioned high frequency ?lter by a phenom 
enon in Which the overcoat ?lm contacts With the beam Which 
become a movable member. 

In vieW of the above aspects, the present invention provides 
an electro mechanical device, a manufacturing method 
thereof, further a resonator by an electro mechanical device 
and a manufacturing method thereof in Which an improve 
ment of reliability is attempted by avoiding the defect in the 
capsule seal. 

The electro mechanical device relating to the present 
invention has a feature in Which it is constituted by providing 
a support post betWeen the overcoat ?lm sealing the main 
body of the electro mechanical device, Which has a loWer 
electrode, and a movable member and the aforesaid movable 
member. 

The resonator relating to the present invention has a feature 
in Which it is constituted by providing a support post betWeen 
the overcoat ?lm sealing the resonator main body, Which has 
a loWer electrode and a movable member, and the aforesaid 
movable member. 

In the present invention, a support post is provided betWeen 
the overcoat ?lm and the movable member, so that it is pos 
sible to prevent the overcoat ?lm from contacting With the 
movable member caused by the bending thereof. 
A manufacturing method of an electro mechanical device 

relating to the present invention has a feature in Which there 
are included a process forming a sacri?ce layer Which covers 
a movable member of a main body of an electro mechanical 
device and forming an opening portion for forming a support 
post Which reaches the movable member in the sacri?ce layer; 
a process forming an overcoat ?lm and a support post on the 
sacri?ce layer by including the opening portion; a process 
removing the sacri?ce layer through a through-hole formed in 
the overcoat ?lm and forming the overcoat ?lm supported by 
the support post; and a process sealing the through-hole of the 
overcoat ?lm. 
A manufacturing method of a resonator relating to the 

present invention has a feature in Which there are included a 
process forming a sacri?ce layer Which covers a movable 
member of a resonator main body and forming an opening 
portion for forming a support post Which reaches the movable 
member in the sacri?ce layer; a process forming an overcoat 
?lm and a support post on the sacri?ce layer by including the 
opening portion; a process removing the sacri?ce layer 
through a through-hole formed in the overcoat ?lm and form 
ing the overcoat ?lm supported by the support post; and a 
process sealing the through-hole of the overcoat ?lm. 

In the manufacturing method of the present invention, an 
opening portion for forming a support post Which reaches the 
movable member is formed in a sacri?ce layer covering the 
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4 
movable member and the overcoat ?lm and the support post 
are formed on the sacri?ce layer by including the opening 
portion and thereafter, the sacri?ce layer is removed, so that it 
is possible to form the support post contacting With the mov 
able member concurrently With the overcoat ?lm forming. 

According to the electro mechanical device or the resona 
tor relating to the present invention, the overcoat ?lm never 
contacts With the movable member by means of the support 
post, so that the defect in the capsule seal is avoided and it is 
possible to attempt improvement of reliability. 

According to the manufacturing method of the electro 
mechanical device or the resonator relating to the present 
invention, the support post contacting With the movable mem 
ber is formed concurrently With the overcoat ?lm forming, so 
that it is possible to manufacture an electro mechanical device 
or a resonator in Which the defect in the capsule seal is 
avoided and the reliability is improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a constitution diagram shoWing a ?rst exempli?ed 
embodiment of an electro mechanical device relating to the 
present invention; 

FIG. 2 is a constitution diagram shoWing a second exem 
pli?ed embodiment of an electro mechanical device relating 
to the present invention; 

FIG. 3 is a ?rst graph to be used for the explanation of a 
support post of the present invention; 

FIG. 4 is a cross-section diagram of a main portion of a ?rst 
sample relating to a curve I of FIG. 3; 

FIG. 5 is a cross-section diagram of a main portion of a 
second sample relating to a curve II of FIG. 3; 

FIG. 6 is a cross-section diagram of a main portion of a 
third sample relating to a curve II of FIG. 3; 

FIG. 7 is a second graph to be used for the explanation of a 
support post of the present invention; 

FIG. 8 is a cross-section diagram of a main portion of a 
fourth sample relating to a curve III of FIG. 7; 

FIGS. 9A to 9E are manufacturing process diagrams (No. 
1 thereof) shoWing one exempli?ed embodiment of a manu 
facturing method of an electro mechanical device relating to 
the present invention; 

FIG. 9F to 9I are manufacturing process diagrams (No. 2 
thereof) shoWing one exempli?ed embodiment of a manufac 
turing method of an electro mechanical device relating to the 
present invention; 

FIG. 9] to 9L are manufacturing process diagrams (No. 3 
thereof) shoWing one exempli?ed embodiment of a manufac 
turing method of an electro mechanical device relating to the 
present invention; 

FIG. 10 is a circuit diagram shoWing one exempli?ed 
embodiment of a communication apparatus provided With an 
electro mechanical device relating to the present invention as 
a band ?lter; and 

FIG. 11 is a constitution diagram of an electro mechanical 
device relating to a comparative example. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, exempli?ed embodiments of the present 
invention Will be explained With reference to the draWings. 
The electro mechanical device aimed or intend by the present 
invention is a device of an order of micro scale or nano scale. 

FIG. 1 shoWs a ?rst exempli?ed embodiment of an electro 
mechanical device relating to the present invention. This 
exempli?ed embodiment shoWs a case in Which the embodi 
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ment is applied to a resonator utilized as a high frequency 
?lter for Wireless communication. An electro mechanical 
device 31 relating to this exempli?ed embodiment has a main 
body of an electro mechanical device (in this example, a 
resonator main body) 36 composed of an output electrode 33 
Which becomes a loWer electrode on a substrate 32 and a 

movable member facing to this output electrode 33 through a 
space 34, that is, a strip-shaped beam 35 Which becomes a 
vibrator in this example and further, it is constituted such that 
an overcoat ?lm 38 is formed through a space 37 so as to coat 
a main body 35 of this electro mechanical device. 

It is possible for the substrate 32 to use, for example, an 
insulating substrate such as a substrate formed With an insu 

lation ?lm on the semiconductor substrate, a quartz substrate, 
a glass substrate and the like, but in this example, in order to 
make integration With another semiconductor device to be 
possible, a substrate 32 is used in Which an insulation ?lm 44 
by a laminated ?lm of a silicon oxide (SiO2) ?lm 42 and a 
silicon nitride (SiN) ?lm 43 is formed on a semiconductor 
substrate 41 composed of a single crystal silicon. 
The beam 35 is to become an electrode on the input side 

and is formed by a conductive material of, for example, a 
polycrystal silicon ?lm. The beam 35 is supported by loWer 
portion Wirings 39A, 39B formed on the substrate 32 through 
support portions 40A, 40B and is formed, so-called, as a 
center impeller beam structure. Also the output electrode 33, 
the loWer portion Wirings 39A, 39B and the support portions 
40A, 40B are formed, for example, by polycrystal silicon 
?lms. There is formed on the outside of the loWer portion 
Wirings 39A, 39B With an insulation ?lm, for example, a 
silicon oxide ?lm 46 and there is formed on the silicon oxide 
?lm 46 thereof With an external Wiring 48, for example, by a 
sputtering ?lm Which is connected to the loWerpor‘tion Wiring 
39A through an opening portion 47. 

The overcoat ?lm 38, similarly as mentioned above, is 
?lm-made over the entire thereof in a state in Which sacri?ce 
layers are formed in the spaces 34 and 37 for the manufac 
turing reason. A through-hole 49 is formed after the overcoat 
?lm 38 is ?lm-made, the sacri?ce layer is removed by selec 
tive etching through the through-hole 49 and spaces 34, 37 are 
formed. Thereafter, the through-hole 49 is sealed airtightly by 
a sealing ?lm 50, for example, using a sputtering ?lm. It is 
possible for the sputtering ?lm to use, for example, a sputter 
ing ?lm by an Al4Cu (aluminum-copper) ?lm, an AliSi 
(aluminum-silicon) ?lm or the like. 

Then, in this exempli?ed embodiment, in particular, sup 
port posts 52 are provided betWeen the overcoat ?lm 38 and 
the beam 35 Which is a vibrator for preventing the bending of 
the overcoat ?lm 38. These support posts 52 are provided 
corresponding to one or more positions of the beam 35. It is 
possible for the support posts 52 to be formed integrally With 
the overcoat ?lm 38 and to be formed so as to contact With the 
beam 35 at one or more positions, so as not to contact there 

With or so as to be integrated With the beam. In this example, 
the support posts 52 are formed so as to contact With both the 
edge portions of the beam 35, that is, at 2 places of the 
portions corresponding to so-called support portions 40A, 
40B on the outside aWay from the portions de?ned by the 
length of the variable portion Which contributes to the reso 
nance frequency of the beam 35. 

The overcoat ?lm 38 is sealed airtightly for protecting the 
main body 36 of the electro mechanical device from the 
outside, but it is necessary betWeen the overcoat ?lm 38 and 
the beam 35 to provide the space 37 Which Will not be an 
obstacle for the vibration of the beam 35. The support posts 52 
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6 
are posts for keeping this space 37. It Will be described later 
With respect to preferable installation positions of the support 
posts 52. 

In the electro mechanical device 31 relating to the ?rst 
exempli?ed embodiment, similarly as mentioned above, a 
DC bias voltage is applied to the beam 35 Which becomes a 
vibrator and at the same time, When a speci?c frequency 
voltage is applied thereto, the beam 35 vibrates by an inherent 
vibration frequency, the capacitance of the capacitor consti 
tuted by the space 34 betWeen the output electrode 33 and the 
beam 35 changes, and this speci?c frequency signal is out 
putted from the output electrode 33. The beam 35 of this 
electro mechanical device 31 vibrates in a primary vibration 
mode. 

With respect to the electro mechanical device 31 of this ?rst 
exempli?ed embodiment, in case of utiliZing it as a high 
frequency ?lter, it is possible to realiZe a high Q value com 
pared With a high frequency ?lter utiliZing a surface acoustic 
Wave (SAW) or a thin ?lm acoustic Wave (FBAR). 

FIG. 2 shoWs a second exempli?ed embodiment of an 
electro mechanical device relating to the present invention. 
This exempli?ed embodiment shoWs, similarly as described 
above, a case in Which the present invention is applied to a 
resonator utiliZed as a high frequency ?lter for Wireless com 
munication. An electro mechanical device 61 relating to this 
exempli?ed embodiment has a main body of an electro 
mechanical device (in this example, a resonator main body) 
64 composed of an input electrode 62 and an output electrode 
63 Which become loWer electrodes on the substrate 32 and a 
movable member facing to these input and output electrodes 
62, 63 through the space 34 and a movable member facing to 
these input and output electrodes 62, 63 and further, it is 
constituted such that an overcoat ?lm 38 is formed through a 
space 37 so as to coat a main body 64 of this electro mechani 
cal device. 

There is used, for the substrate 32 in this example, a sub 
strate formed With an insulation ?lm 44 by a laminated ?lm of 
a silicon oxide (SiO2) ?lm 42 and a silicon nitride (SiN) ?lm 
43 on a semiconductor substrate 41 composed of single crys 
tal silicon. The beam 35 is formed by a center impeller beam 
structure in Which both the edge (end portions are supported 
by support portions 39A, 39B. The input and output elec 
trodes 62, 63 are formed, for example, by polycrystal silicon 
?lms. 

Then, in this exempli?ed embodiment, similarly as the ?rst 
exempli?ed embodiment, support posts 52 for preventing the 
bending of the overcoat ?lm 38 are provided betWeen the 
overcoat ?lm 38 and the beam 35 Which is a vibrator. The 
support posts 52 are formed integrally With the overcoat ?lm 
38 and are formed as one or more pieces on the beam 35 and 
in this example similarly as FIG. 1, they are formed so as to 
contact With the beam 35 by 2 places of both the edge portions 
thereof. It Will be described later With respect to preferable 
installation positions of the support posts 52. 

Other constitutions are similar as those explained for the 
?rst exempli?ed embodiment in FIG. 1, so that repetitive 
explanations thereof Will be omitted by putting the same 
reference numerals on the corresponding portions thereof. 

In the electro mechanical device 61 relating to second 
exempli?ed embodiment, a DC bias voltage is applied to the 
beam 35 Which becomes a vibrator. Then, When a speci?c 
frequency voltage is applied to the input electrode 62, the 
variable portion (beam portion excluding both the edge por 
tions supported by the so-called support portion) of the beam 
35 vibrates by an inherent vibration frequency, the capaci 
tance of the capacitor constituted by the space 34 betWeen the 
output electrode 63 and the beam 35 changes, and a speci?c 
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frequency signal (high frequency signal) corresponding to the 
inherent vibration frequency of the beam 35 is outputted from 
the output electrode 63. The beam 35 of this electro mechani 
cal device 61 vibrates in a secondary vibration mode. 

Also in the electro mechanical device 61 of this second 
exempli?ed embodiment, in a case Wherein a high frequency 
?lter is utiliZed, it is possible to realiZe a high Q value com 
pared With a high frequency ?lter utiliZing a surface acoustic 
Wave (SAW) or a thin ?lm acoustic Wave (FBAR). 

Next, it Will be explained With respect to dimensions and 
the installation position of the support posts 52. It is necessary 
to form the support posts 52 so as not to deteriorate the 
vibration of the beam 35 and so as to maintain the space 37 
With respect to the beam 35 such that the overcoat ?lm 38 does 
not contact With the beam 35. FIG. 3 is a graph shoWing a 
relation betWeen the siZe of the support post 52 and the 
resonance frequency of the beam 35. A curve I is a character 
istic in case of providing the support posts 52 at the positions 
corresponding to the support portions 40 [40A, 40B] of the 
beam 35 and When, as shoWn in FIG. 4, the siZe (i.e. Width) of 
the support post 52 is continuously Widened directed to the 
outer edge side of the support portion 40 from an inner edge 
position XO1 of the support portion 40. A curve II is a char 
acteristic in case of providing the support posts 52 similarly at 
the positions corresponding to the support portions 40 of the 
beam 35 and When, as shoWn in FIG. 5, the siZe (i.e. Width) of 
the support post 52 is continuously Widened directed to the 
inner edge side of the support portion 40 from the outer edge 
position XO2 of the support portion 40. Here, the Width D of 
the support portion 40 Was made to be 3.0 um. Also, the 
distance t 2 of the space 37 betWeen the overcoat ?lm 38 and 
the beam 35 Was made to be 0.1 pm. 

In the curve I corresponding to the case of FIG. 4, there can 
be obtained a resonance frequency (in the vicinity of 70 MHZ) 
of the beam 35 at a point Where the support post siZe is XIO, 
Which means that there is no support posts 52, but the fre 
quency varies to 78 MHZ from the instant When the support 
posts 52 is provided. On the other hand, in the curve II 
corresponding to the case of FIG. 5, a resonance frequency (in 
the vicinity of 70 MHZ) of the beam only can be obtained in 
case of continuously Widening the siZe (Width) of the support 
post directed to the inner side from the outer edge position 
XO2 of the support portions 40 and even if the siZe (Width) X 
of the support post is Widened by 2.5 pm from the outer edge 
position XO2 of the support portion, but the resonance fre 
quency varies signi?cantly When exceeding 2.5 pm. 

According to the graph of this FIG. 3, in case of forming the 
support post 52 continuously from the outer edge position 
XO2 of the support portion of the beam 35 toWard the inner 
edge thereof, the vibration of the beam 35 is never detracted 
if it is Within a distance by 2.5 um from the outer edge position 
XO2 of the support portion. In addition, as shoWn in FIG. 6, the 
vibration of the beam 35 is never detracted also in a case in 
Which the support post 52 is formed continuously beyond the 
outer edge position XO2 of the support portion. Consequently, 
it is preferable for the support post 52 to be provided so as to 
have a continuous Width from a position betWeen the position 
0.5 um apart from the inner edge position XO1 of the support 
portion of the beam 35 and the outer edge of the support 
portion including the outer edge of the support portion. 

FIG. 7 is a graph shoWing a relation betWeen the position of 
the support post 52 and the resonance frequency of the beam 
35 When WidthW of the support post 52 is constant. The Width 
D of the support portion 40 and the distancet 2 of the space 37 
are identical to those of FIG. 4 and FIG. 5. In this example, the 
Width W of the support post 52 is made to be 0.5 pm (?ve 
times as long as the space distance t 2). As shoWn in FIG. 8, 
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the support post 52 Was shifted to the outer edge side of the 
support portion from a state in Which the position is made to 
be in conformity With the inner edge position XO1 of the 
support portion of the beam 35. As shoWn in a curve III of 
FIG. 7, in case of 0.5 um from the inner edge position XO1 of 
the support portion (that is, a case in Which the support post 52 
having Width 0.5 um is formed to be in conformity With the 
inner edge position X01), the resonance frequency of the 
beam 35 is varied to 78 MHZ Whereby ?uctuation of the 
resonance frequency is loWered along With a movement in 
Which the support post 52 is shifted to the outer edge side, but 
the resonance frequency rises rapidly at least on the inner side 
from 1.0 um apart from the inner edge position X01. If the 
position of the support post 52 is apart from the inner edge 
position XO1 by 1.0 pm or more and preferably by 1.5 pm, 
there can be obtained the original resonance frequency of the 
beam 35 (in the vicinity of 70 MHZ). 

According to the graph of this FIG. 7, it is preferable, When 
the support post 52 is provided by a constant Width W, to 
provide the support post 52 at a position 1.0 pm or more apart 
from the inner edge position XO1 of the support portion of the 
beam 35. 

According to the electro mechanical devices 31 and 61 
relating to the ?rst exempli?ed embodiment and the second 
exempli?ed embodiment described above, by forming the 
support posts 52 betWeen the overcoat ?lm 38 and the beam 
35, the strength of the overcoat ?lm 38 is secured and the 
overcoat ?lm 38 is avoided from the bending and Will never 
contact With the beam 35. Thereby, it is possible to carry out 
the airtight sealing of the main body 36 or 64 of the electro 
mechanical device certainly by the overcoat ?lm 38 through 
the required space 37. By forming the support post 52 accord 
ing to the condition explained along FIG. 3 and FIG. 7, it is 
possible to carry out the driving of the main body 36 or 64 of 
the electro mechanical device in the overcoat ?lm 38 sealed 
air‘tightly Without detracting the vibration of the beam 35, that 
is, by maintaining the original resonance frequency of the 
beam 35. 

Also, the electro mechanical device 31, 61 of these exem 
pli?ed embodiments make it possible to realiZe the integra 
tion With other semiconductor devices. 

Next, one exempli?ed embodiment of a manufacturing 
method of an electro mechanical device relating to the present 
invention Will be explained With reference to FIG. 9A to FIG. 
9L. The manufacturing method of this exempli?ed embodi 
ment is in case of being applied to the manufacture of the 
electro mechanical device 61 shoWn in FIG. 2. 

First, as shoWn in FIG. 9A, a substrate 32 is prepared in 
Which a silicon oxide ?lm 42 and a silicon nitride ?lm 43 are 
lamination-formed as an insulation ?lm 44 on a substrate 

Which is a semiconductor substrate 41 by a single crystal 
silicon according to this example by a loW pressure CVD 
(Chemical Vapor Deposition) method. 

Next, as shoWn in FIG. 9B, there is formed on the substrate 
32 With a selective-etching possible conductive ?lm Which is 
a polycrystal silicon ?lm 66, according to this example, 
including impurities, for example, phosphorus (P). After pat 
terning this polycrystal silicon ?lm 66 by utiliZing Well 
knoWn lithography technology and dry etching technology, 
there are formed With an input electrode 62 and an output 
electrode 63 Which become loWer electrodes and With loWer 
portion Wirings 39 [39A, 39B]. 

Next, as shoWn in FIG. 9C, for example, a silicon oxide 
?lm 67 is formed on the Whole surface so as to bury the input 
and output electrodes 62, 63 and the loWer portion Wirings 39 
[39A, 39B] and also so as to form the required ?lm thickness 
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t 1 at least on the input and output electrodes 62, 63. A portion 
of this silicon oxide ?lm 67 is a layer of a sacri?ce layer Which 
Will be described later. 

Next, as shoWn in FIG. 9D, a portion of the silicon oxide 
?lm 67 Which becomes a sacri?ce layer of the loWer portion 
Wiring 39 is etching-removed selectively by utilizing Well 
knoWn lithography technology and dry etching technology 
and an opening portions 68 [68A, 68B] are formed. These 
opening portions 68 are portions for forming support portions 
(so-called, anchor portions) of the beam Which becomes a 
vibrator late on. 

Next, as shoWn in FIG. 9B, a polycrystal silicon ?lm 
including impurities, for example, phosphorus (P) is formed 
on the silicon oxide ?lm 67 including the opening portions 68 
[68A, 68], for example, by a loW pressure CVD method, 
pattern processing is applied thereto by utiliZing Well knoWn 
lithography technology and dry etching technology, and a 
strip-shaped beam 35 composed of a polycrystal silicon ?lm 
and support portions 40 [40A, 40B] supporting both the edges 
this of the beam 35 are formed. The support portions 40 [40A, 
40B] are connected to the loWer portion Wirings 39 [39A, 
39B] respectively. 

Next, as shoWn in FIG. 9F, a silicon oxide ?lm 69 is formed 
on the Whole surface so as to coat the beam 35, for example, 
by a loW pressure CVD method. Aportion of this silicon oxide 
?lm 69 also functions as a sacri?ce layer and is formed by the 
required ?lm thickness t 2 at least on the beam 35. 

Next, as shoWn in FIG. 9G, the silicon oxide ?lm 69 is 
pattem-processed by utiliZing Well knoWn lithography tech 
nology and dry etching technology, opening portions 71 
[71A, 71B are formed at the portions corresponding to the 
support portions 40A, 40B and at the same time, openings 72 
[72A, 72B] are formed at the portion corresponding to the 
loWer portion Wirings 39A, 39B. The opening portions 71 
[71A, 71B] are portions Which become opening portions for 
forming the support posts later on and are formed at the 
positions Which do not vary the resonance frequency of the 
beam as explained in FIG. 3 and FIG. 7 above. 

The beam 35 is to be covered by the silicon oxide ?lms 67 
and 69 Whose periphery, that is, all of the up and doWn 
surfaces and the right and left surfaces of the cross-section 
including the side Wall portions Will function as sacri?ce 
layers. That is to say, the silicon oxide ?lm 67 exists in the 
doWnWard direction of the beam 35 cross-section and the 
silicon oxide ?lm 69 exists in the right and left and upWard 
directions of the cross-section. 

Next, as shoWn in FIG. 9H, a silicon nitride ?lm 38 is 
formed on the Whole surface of the silicon oxide ?lm 69 
Which functions as the sacri?ce layer including the opening 
portions 71 [71A, 71B] and the opening portions 72 [72A, 
72B], for example, by a loW pressure CVD method. This 
silicon nitride ?lm 38 is a ?lm functioning as an overcoat ?lm. 
The silicon nitride ?lm formed so as to be connected to the 
portions corresponding to the support portions 40A, 40B of 
the beam 35 through the opening portions 71A, 71B functions 
as the support posts 52. 

Next, as shoWn in FIG. 91, portions of the silicon nitride 
?lm 38 corresponding to the opening portion 72A, 72B, 
Which function as overcoat ?lms, are etching-removed selec 
tively by utiliZing Well knoWn lithography technology and 
dry etching technology and through-holes 49 going to the 
sacri?ce layer (any one or both of the silicon oxide ?lm 67 and 
the silicon oxide ?lm 69 and in this example, both the silicon 
oxide ?lms 67 and 69) are formed. Thereafter, the sacri?ce 
layers 67 and 67 are etching-removed selectively by using the 
through-holes 49 and the spaces 37 and 34 are formed at the 
upper and loWer portions of the beam 35. 
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10 
More speci?cally, by using an etching solution such, for 

example, as a hydro?uoric acid Water solution (DHF solu 
tion) for removing the silicon oxide ?lm selectively, the sac 
ri?ce layers (silicon oxide ?lms) 67 and 69 formed in the 
periphery regions at the left, right, top and bottom surround 
ing the beam 35 are removed selectively. Thereby, the space 
34 is formed betWeen the beam 35 and the input and output 
electrodes 62, 63 Which are the loWer electrodes and at the 
same time, the space 37 is formed betWeen the beam 35 and 
the overcoat ?lm 38. OWing to these spaces 34, 37, the sub 
stantial variable portion excluding both the edge portions 
supported by the support portions 40A, 40B of the beam 35 
become possible to vibrate by the inherent vibration fre 
quency of the beam 35. Here, there are formed, so as to be 
covered by the overcoat ?lm 38, With the main body of the 
electro mechanical device (in this example, resonator main 
body) 64 composed of the input and output electrodes 62, 63 
of the loWer electrodes and the beam 35. 

Next, as shoWn in FIG. 9], sealing ?lms 50 are formed in 
the through-holes 49 by a ?lm-making process under decom 
pression and the main body 64 of the electro mechanical 
device is sealed airtightly. More speci?cally, a ?lm-making 
process is performed, for example, by sputtering in vacuum 
and the sealing ?lm 50 by the sputtering ?lm for sealing the 
through-hole 49 is formed. Since a ?lm-making process by 
sputtering is used, there can be cited for the reaction gas used 
at that time With an argon (Ar) gas Which is an inert gas. Also, 
there can be cited for the sputtering ?lm 50 With a thin ?lm by 
a metal or a metal compound such as an AliCu ?lm, an 
AliSi ?lm and the like. After the sputtering ?lm is formed, 
a patterning process for keeping the sealing ?lm 50 is carried 
out by utilizing Well knoWn lithography technology and dry 
etching technology. It should be noted in the patterning pro 
cess of this sputtering ?lm that it is also possible to form other 
layers such as the Wiring layers and the like concurrently With 
the sealing ?lm. 

In case of not forming other Wirings and the like concur 
rently, as shoWn in FIG. 9K, the surface is further protected by 
an insulation ?lm (silicon oxide ?lm) 38B. 

Next, as shoWn in FIG. 9L, an openings 47 is formed so as 
to reach the loWer portion Wiring 39A through the insulation 
?lm (silicon oxide ?lm) 38B, the silicon nitride ?lm 38 and 
the silicon oxide ?lms 69, 67 thereunder by utiliZing Well 
knoWn lithography technology and dry etching technology 
and thereafter, for example, a sputtering ?lm similar as men 
tioned above is formed, patterning of this ?lm is performed by 
utiliZing Well knoWn lithography technology and dry etching 
technology, and an external Wiring 48 connected to the loWer 
portion Wiring 39A is formed. It should be noted that the 
silicon oxide ?lms 69, 67 formed at the periphery of the main 
body 64 of the electro mechanical device corresponds to the 
insulation ?lm 46 explained in FIG. 2. In this manner, the 
main body 64 of the electro mechanical device is sealed 
airtightly by the overcoat ?lm 38 and at the same time, the 
aimed electro mechanical device 61 in Which the support 
posts 52 are formed betWeen the overcoat ?lm 38 and the 
beam 35 can be obtained. 

According to the manufacturing method of then electro 
mechanical device relating to this exempli?ed embodiment, 
by forming the support posts 52 connected from the overcoat 
?lm 38 to the beam 35 concurrently With the forming of the 
overcoat ?lm 38 Which seals the main body 64 of the electro 
mechanical device airtightly, it is possible to prevent the 
bending of the overcoat ?lm 38 by keeping the strength of the 
overcoat ?lm 38 and to manufacture the electro mechanical 
device 61 of a capsule sealing structure in Which the movable 
range of the beam 35 is secured and the reliability is high. 
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There are included a process for forming the silicon oxide 
?lm 67 and the silicon oxide ?lm 69 Which function as sac 
ri?ce layers at the periphery of the beam 35, a process for 
covering the top of the sacri?ce layer 69 thereof by the silicon 
nitride ?lm 38 Which is an overcoat ?lm, and a process for 
etching the sacri?ce layers, so that it becomes possible to 
arrange Wiring layers or the like on the further upper layer of 
the overcoat ?lm 38. More speci?cally, it is possible after 
these processes to perform the forming process of the Wiring 
layers or the like. Consequently, by forming the beam 35 in 
the front-end process thereof, it is possible to form the beam 
35 in a loWer layer than the metal Wiring or the like, so that 
even if this beam 35 is formed by high temperature, the bad 
in?uence of the high temperature process never extends to the 
Wiring layer or the like and as a result, it is possible to attempt 
easy forming of the beam 35. 

Furthermore, there is included a process for sealing the 
through-hole 49 in Which a ?lm-making process by sputtering 
is performed after etching the sacri?ce layer, so that oWing to 
the process thereof, the substantial periphery of the variable 
portion of the beam 35, that is, the spaces 34, 37 of the 
so-called periphery of the variable portion are sealed. Conse 
quently, it never require a special package technology by an 
insulating material or the like. More speci?cally, it is possible 
to seal the spaces 34, 37 at the periphery of the variable 
portion of the beam 35, Which Was formed by etching the 
sacri?ce layer Without requiring a packaging process for the 
vacuum seal. 

In addition, it is contemplated that the sputtering ?lm for 
the seal may be used also as the Wiring or the like. That is to 
say, it is contemplated that the through-hole 49 is to be sealed 
by utilizing the sputtering ?lm for the Wiring or the like. In 
that case, the forming of the seal and the Wiring or the like can 
be realiZed by the same process and it is very effective When 
ef?ciency promotion of the manufacturing process is 
attempted. 

Further, the through-hole 49 is sealed in the ?lm-making 
process by sputtering, so that it becomes possible to be real 
iZed by directly utiliZing ?lm-making technology in a semi 
conductor process, for example, a CMOS process and it 
becomes possible to be carried out together With another 
process in this semiconductor process continuously. More 
speci?cally, the sealing in the so-called inline becomes pos 
sible. Consequently, integration to the CMOS process or the 
like is very easy and at the same time, it become also possible 
to carry out evaluation of the electro mechanical device in a 
Wafer state. 

Based on these facts, if the electro mechanical device is 
constituted by using the manufacturing method explained in 
this exempli?ed embodiment, manufacturing of the electro 
mechanical device can be carried out in the process of an 
existing semiconductor process, for example, a CMOS pro 
cess even in a case Where the electro mechanical device is 
integrated With another semiconductor device and as a result, 
it is possible to improve manufacturing e?iciency of the 
device including the electro mechanical device. 

In particular, as explained in this exempli?ed embodiment, 
it becomes the sealing in anAr gas Which is an inert gas in case 
of carrying out the sealing in the ?lm-making process by 
sputtering, and it can be said to be very preferable in a point 
of safety or reliability. 

The manufacturing method by the procedures explained in 
FIG. 9A to FIG. 9L is not limited only for the electro 
mechanical device 61 having constitution shoWn in FIG. 2, 
but it is applicable also to other electro mechanical devices if 
sacri?ce layer etching is carried out therein by using the 
through-hole provided in the overcoat ?lm. 
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12 
The electro mechanical device and the manufacturing 

method thereof according to this exempli?ed embodiment is 
applicable also to the electro mechanical device 31 in FIG. 1. 
Also, it is applicable to an electro mechanical device in Which 
the main bodies of a plurality of electro mechanical devices 
(resonator main bodies) are paralleliZed, for example, to an 
electro mechanical device constituted by arranging a plurality 
of beams having common input and output electrodes. 

The electro mechanical device and the manufacturing 
method thereof according to this exempli?ed embodiment is 
applicable to electro mechanical devices to be used in various 
kinds of ?elds of various kinds of sensors, actuators, optical 
devices (including GLV devices Whichbecome optical modu 
lation devices), others and the like other than the resonators of 
high frequency ?lters and the like. In case of applying the 
beam as an electro mechanical device other than using it as a 
vibrator of a required resonance frequency, it is better to 
locate the support post at a position corresponding to the 
support portion at the beam edge portion in order not to cause 
?uctuation in the movability of the beam. 
The above described electro mechanical device, for 

example, the resonator of the exempli?ed embodiment can be 
used as a band signal ?lter such as a high frequency (RF) ?lter, 
an intermediate frequency (IF) ?lter or the like. 

Also, there can be provided as another exempli?ed 
embodiment of the present invention With a communication 
apparatus using a ?lter by such an electro mechanical device. 
More speci?cally, there can be also provided With a commu 
nication apparatus such as a mobile phone, Wireless LAN 
equipment, a Wireless transceiver, a television tuner, a radio 
tuner or the like Which is constituted by using a ?lter accord 
ing to the electro mechanical device relating to the above 
described exempli?ed embodiment and communicates by 
utiliZing an electromagnetic Wave. 

Next, a constitution example of a communication appara 
tus applied With the ?lter of this embodiment Will be 
explained With reference to FIG. 10. 

First, it Will be explained With respect to constitution of a 
transmission system, Wherein transmission data of an I chan 
nel and a Q channel are supplied to digital/analog converters 
(DACs) 201I and 201Q respectively so as to be converted to 
analog signals. 
The converted signals of the respective channels are sup 

plied to band-pass-?lters 202I and 202Q so as to remove 
signal components other than the bandWidth of the transmis 
sion signals and the outputs of the band-pass-?lters 202I and 
202Q are supplied to a modulator 210. 

In the modulator 210, the signals are supplied to mixers 
212I and 212Q for the respective channels through buffer 
ampli?er 211I and 211Q and modulated by being mixed With 
frequency signals corresponding to the transmission fre 
quency supplied from a PLL (phase-locked loop) circuit 203 
for transmission, and both the mixed signals are added in an 
adder 214 so as to be a transmission signal of a single system. 
In this case, the frequency signal supplied to the mixer 212I is 
to be 90° shifted by a phase shifter 213 for the signal phase 
thereof and it is constituted such that the I channel signal and 
the Q channel signal are to be quadrature modulated. 
The output of the adder 214 is supplied to a poWer ampli?er 

204 through a buffer ampli?er 215 and is ampli?ed therein so 
as to have a predetermined transmission poWer. The signal 
ampli?ed in the poWer ampli?er 204 is supplied to an antenna 
207 through a transmission and reception sWitcher 205 and a 
high frequency ?lter 206 and is transmitted Wirelessly from 
the antenna 207. The high frequency ?lter 206 is a band-pass 
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?lter for removing signal components other than the fre 
quency band transmitted and received by this communication 
apparatus. 

For the constitution of the reception system, the signal 
received by the antenna 207 is supplied to a high frequency 
portion 220 through the high frequency ?lter 206 and the 
transmission and reception sWitcher 205. In the high fre 
quency portion 220, the reception signal is ampli?ed in a loW 
noise ampli?er (LNA) 221 and thereafter is supplied to a 
band-pass-?lter 222 Wherein signal components other than 
the received frequency band are removed, and the removed 
signal is supplied to a mixer 224 through a buffer ampli?er 
223. Then, a frequency signal supplied from a PLL circuit 251 
for channel selection is mixed thereto so as to make a signal of 
a predetermined transmission channel to be an intermediate 
frequency signal and the intermediate frequency signal is 
supplied to an intermediate frequency circuit 230 through a 
buffer ampli?er 225. 

In the intermediate frequency circuit 230, the supplied 
intermediate frequency signal is supplied to a band-pass-?lter 
232 through a buffer ampli?er 225 Wherein signal compo 
nents other than the bandWidth of the intermediate frequency 
signal are remove, and the remove signal is supplied to an 
automatic gain control circuit (AGC circuit) 233 so as to be a 
signal having an approximately constant gain. The interme 
diate frequency signal gain adjusted in the automatic gain 
control circuit 233 is supplied to a demodulator 240 through 
a buffer ampli?er 234. 

In the demodulator 240, the supplied intermediate fre 
quency signal is supplied to mixers 242I and 242Q through a 
buffer ampli?er 241 and a frequency signal supplied from a 
PLL circuit 252 for intermediate frequency is mixed thereto 
so as to demodulate signal component of the I channel and 
signal component of the Q channel, Which Were received. In 
this case, the mixer 242I for the I signal is constituted such 
that a frequency signal Whose signal phase is 90° shifted by a 
phase shifter 243 is to be supplied thereto and an I channel 
signal component and a Q channel signal component Which 
are quadrature modulated are demodulated. 

The demodulated I channel and Q channel signals are 
supplied to band-pass-?lters 253I and 253Q through buffer 
ampli?ers 244I and 244Q respectively Wherein signal com 
ponents other than the I channel and Q channel signals are 
removed, and the removed signals are supplied to analog/ 
digital converters (ADC) 254I and 254Q so as to obtain digital 
data by sampling therein and there are obtained I channel 
received data and Q channel received data. 

In the constitution so far explained, it is possible for a 
portion or the Whole of each of the band-pass-?lters 202I, 
202Q, 206, 222,232, 253Iand 253Q to be applied With a ?lter 
having the constitution of this invention so as to limit the 
bandWidth. 

In the example of FIG. 10, the respective ?lters are consti 
tuted as band-pass-?lters, but it may be alloWed to constitute 
them as loW-pass-?lters for passing only the frequency band 
loWer than a predetermined frequency or as high-pass-?lters 
for passing only the frequency band higher than a predeter 
mined frequency, Wherein the ?lters having the constitutions 
according this embodiment are to be applied to these ?lters. 

Also, in the example of FIG. 10, a communication appara 
tus carrying out Wireless transmission and Wireless reception 
Was cited, but the present invention may be applied to a ?lter 
provided in a communication apparatus carrying out trans 
mission and reception through a cable transmission path and 
further, it may be alloWed to apply the ?lter having the con 
stitution of the present invention to a ?lter provided in a 
communication apparatus carrying out only the transmission 

14 
process or provided in a communication apparatus carrying 
out only the receiving process. 

According to the communication apparatus by the above 
described exempli?ed embodiments, it is possible to provide 

5 a communication apparatus having high reliability by using a 
?lter according to a capsule-sealed electro mechanical device 
of the present invention as a band ?lter. 

It should be understood by those skilled in the art that 
various modi?cations, combinations, sub-combinations and 
alterations may occur depending on design requirements and 
other factors insofar as they are Within the scope of the 
appended claims or the equivalents thereof. 
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What is claimed is: 
1. An electro mechanical device comprising: 
a mainbody of an electro mechanical device having a loWer 

electrode and a movable member; 
an overcoat ?lm sealing the main body of said electro 

mechanical device by maintaining a space, Wherein 
a support post is provided betWeen said overcoat ?lm and 

said movable member. 
2. The electro mechanical device according to claim 1, 

Wherein said support post is provided corresponding to one or 
more positions of said movable member. 

3. The electro mechanical device according to claim 1, 
Wherein said support post is provided at the position corre 
sponding to the support portion of said movable member. 

4. A resonator comprising: 

20 

25 

30 a resonator main body having a loWer electrode and a 
movable member; 

an overcoat ?lm sealing said resonator main body by main 
taining a space, Wherein 

35 a support post is provided betWeen said overcoat ?lm and 
said movable member. 

5. The resonator according to claim 4, Wherein said support 
post is provided corresponding to one or more positions of 
said movable member. 

6. The resonator according to claim 4, Wherein said support 
post has a Width Which is continuous from an arbitrary posi 
tion betWeen a position apart from the inner side edge of the 
support portion of said movable member by 0.5 pm and an 
outside edge of the support portion by including said outside 
edge. 

7. The resonator according to claim 4, Wherein said support 
post has a constant Width and is provided at an arbitrary 
position betWeen a position apart from an inner side edge of a 
support portion of said movable member by 1.0 pm and an 
outside edge of the support portion. 

8. A manufacturing method of an electro mechanical 
device comprising steps of: 

forming a sacri?ce layer Which covers a movable member 
of a main body of an electro mechanical device and 
forming an opening portion for forming a support post 
Which reaches said movable member in said sacri?ce 
layer; 

forming an overcoat ?lm and a support post on said sacri 
?ce layer by including said opening portion; 

removing said sacri?ce layer through a through-hole 
formed in said overcoat ?lm and forming said overcoat 
?lm supported by said support post; and 

sealing the through-hole of said overcoat ?lm. 
9. The manufacturing method of an electro mechanical 

device according to claim 8, Wherein said support post is 
formed so as to correspond to one or more positions of said 
movable member. 
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10. The manufacturing method of an electro mechanical 
device according to claim 8, Wherein said support post is 
provided at a position corresponding to the support portion of 
said movable member. 

11. A manufacturing method of a resonator comprising 
steps of: 

forming a sacri?ce layer Which covers a movable member 
of a resonator main body and forming an opening por 
tion for forming a support post Which reaches said mov 
able member in said sacri?ce layer; 

forming an overcoat ?lm and a support post on said sacri 
?ce layer by including said opening portion; 

removing said sacri?ce layer through a through-hole 
formed in said overcoat ?lm and forming said overcoat 
?lm supported by said support post; and 

sealing the through-hole of said overcoat ?lm. 
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12. The manufacturing method of a resonator according to 

claim 11, Wherein said support post is formed so as to corre 
spond to a one or more positions of said movable member. 

13. The manufacturing method of a resonator according to 
claim 11, Wherein said support post is formed so as to have a 
Width Which is continuous from an arbitrary position betWeen 
a position apart from the inner side edge of the support portion 
of said movable member by 0.5 pm and an outside edge of the 
support portion by including said outside edge. 

14. The manufacturing method of a resonator according to 
claim 11, Wherein said support post is formed so as to have a 
constant Width and to exist at an arbitrary position betWeen a 
position apart from an inner side edge of a support portion of 
said movable member by 1.0 um and an outside edge of the 
support portion. 


